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Two recent studies provide convincing evidence that speciation without
geographic isolation — sympatric speciation — has occurred within
isolated island habitats, but we remain ignorant of how frequent the
process really is.Chris D. Jiggins
In a review published five years
ago, Turelli et al. [1] summarised
what is perhaps the prevailing view
that the ‘‘empirical evidence
support the view that allopatric
speciation is pervasive; whereas
current data suggest that the
opposite extreme, sympatric
speciation, is far less common’’. At
the same time, it is possible for
others [2] to state that ‘‘sympatric
divergence may in fact be
responsible for much of the
incredible diversity in arthropods
and other groups such as
nematodes’’. The recent
publication of two papers [3,4]
presenting compelling evidence for
sympatric speciation in different
situations demonstrates that this
controversy is far from over.
The main reason why the debate
over the role of geography in
speciation has not been resolved is
that distinguishing the alternatives
in any particular case is
extraordinarily difficult. One well
studied example involves several
pairs of stickleback species that
occur in recently formed glacial
lakes in Canada. In each lake, there
are two ecological forms that are
adapted to distinct habitats. It
would be reasonable to suppose
each pair has diverged in situ to
exploit the local conditions, and
this is what researchers initially
proposed [5]. However,
subsequently molecular evidence
has suggested a double invasion
hypothesis, whereby two
colonisations have given rise to
first one form and then the other [6].
In most cases where sympatric
coexisting species are found one
can invent a similar allopatric
scenario to explain their origin,
which can be very difficult to rule
out unequivocally. Hence, proving
sympatric speciation in any
particular case is very difficult.Similarly, despite the commonly
held view that allopatric speciation
is pervasive, proving that this is so
is also problematic. Allopatric
populations of closely related
species often differ in the kinds of
traits that are characteristic of
species, implying that this is
a plausible route to speciation. But
this does not prove that these
populations are indeed evolving
the ecological differences that
would allow them to coexist in
sympatry. Indeed, there are
reasons to suppose that such
differences will evolve much more
rapidly in sympatry, as strong
selection driven by competition
between close relatives can cause
rapid ecological divergence. Thus,
divergence of populations in
allopatric isolation certainly does
contribute to biological diversity on
a global scale, but it is by no means
proven that it has actually
contributed significantly to the
extraordinary diversity of
coexisting species seen in habitats
such as coral reefs or tropical
rainforests.
Hence, the general interest of
two recent studies [3,4] that
support sympatric speciation. A
pair of cichlid fish found in
a Nicaraguan crater lake [4], and
two palm species found on an
isolated Australian island [3], are
both one another’s closest
relatives, and are so far from any
similar habitats that each pair
almost certainly diverged in situ.
Within each of these isolated
habitats, there are no barriers to
dispersal that would be sufficient
to generate allopatry, and, in
particular, the two palm species
are wind pollinated and show no
signs of genetic structure due to
geography across the whole island.
Furthermore, in both cases, there is
evidence for ecological
differentiation between the novel
species. The palm speciessegregate according to the acidity
of the soil on which they are found,
while the cichlid fish differ in their
pharyngeal jaw morphology, a trait
known to be important in feeding.
In both situations, therefore, there
is evidence for the kind of divergent
ecological selection that we expect
to be associated with sympatric
speciation.
Such examples provide
convincing evidence that
sympatric speciation can occur,
but very isolated habitats are the
exception and therefore tell us little
about how important the process is
more generally. Indeed, these are
not the first cases in which such an
argument has been made. A widely
cited study [7] of cichlid fishes in
a crater lake in Cameroon showed
that a radiation of 20 species
formed a monophyletic group
whose isolation from similar
habitats was such that
diversification in situ seemed the
only reasonable explanation.
Unfortunately, although such
cases demonstrate that sympatric
speciation does occur, isolated
island examples are not particularly
informative about the origins of
diverse continental or marine
ecosystems. So are there ways of
inferring the mode of speciation in
continental faunas? One method
that has been proposed is ‘age
correlation analysis’ whereby the
degree of range overlap is plotted
against species age, generally
inferred from a molecular
phylogeny [8]. Despite
considerable interest, there have
been surprisingly few studies that
have used this method since it was
proposed. Furthermore, it can be
criticised on the grounds that
species ranges obviously move
after speciation, confounding the
signal of the speciation event, and
that the method is susceptible to
differences in species definitions
that vary widely between different
taxonomic groups. Nonetheless,
such studies might serve to put an
upper bound on the frequency of
particular modes of speciation [9].
In many ways our preoccupation
with biogeography in speciation
studies derives from the influence
of Ernst Mayr, and his rather
dogmatic insistence on the
necessity of allopatry for
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seems misplaced and has led to an
artificial dichotomy. In fact,
allopatric and sympatric speciation
lie at the opposite ends of
a continuum, which runs from zero
to maximal gene flow between
diverging populations. These new
studies provide good evidence that
fully sympatric speciation can
occur, but most examples
probably lie somewhere in between
these two extremes. For example,
the sticklebacks cited above likely
arose from two invasions of each
lake, but must have continued to
diverge once sympatric. Hence
a combination of both allopatric
and sympatric divergence was
probably involved.
Given the difficulty of proving the
case one way or another, we
should abandon the common
assumption that allopatric
speciation is the ‘null hypothesis’
with all the burden of proof lying onConservation: Los
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Adaptive divergence between
populations in response to
divergent or disruptive selection is
the cause of ecological speciation
[1,2]. In its course, gene flow
between diverging populations
becomes reduced, either indirectly
as a by-product of divergent
adaptation, or by direct selection
when intermediate genotypes are
ecologically less successful [3].
Reproductive isolation in
ecological speciation is due
to prezygotic mechanisms
(mate choice) and extrinsic
(ecology-dependent) postzygotic
mechanisms in the absence of
intrinsic postzygotic hybrid
dysfunction. Better studied
examples include insect host racesthe hypothesis of speciation with
gene flow. Instead, speciation
research should concentrate on the
more proximal causes of
speciation, rather than intractable
questions of geography. Key
questions that we can answer
include whether speciation results
from natural selection and/or
genetic drift, and what traits and
genetic architectures are causal in
divergence.
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dysfunction to emerge, ecological
speciation is reversible through
increasing gene flow, weakening
ecological selection or both. The
critical time window can
encompass a million years or more
[2], several orders of magnitude
longer than the time required for
ecological speciation [1,2,6].
The concept of extinction
through introgressive hybridization
is established in conservation
biology in the context of
anthropogenic species
translocations which bring into
contact otherwise allopatric
species [8]. However, the genetic
re-admixture of species with
a sympatric history, as a corollary
of changes in the selection/gene
flow balance, is less well
established [9], even though the
phenomenon was described more
than 70 years ago [10]. If species
originated in response to divergent
selection/gene flow balance, then
re-admixture because of a change
in the balance is appropriately
termed speciation in reverse.
Taylor et al. [11] and Gow et al.
[12] have recently described this
process in detail for one of the best
